ALP activity was stained as a typical marker of osteoblastic differentiation (24). Enzyme activity was measured using pnitrophenylphosphate as a substrate (24).
analysis. Western blot analysis was performed as described (17) . The target proteins were immunoprecipitated for 6 h at 4 o C using M2-agarose beads (Sigma). The target proteins were detected using a horseradish-peroxidaseconjugated anti-mouse or anti-rabbit IgG antibody (GE Healthcare UK Ltd, Buckinghamshire, England).
ALP and luciferase assays
ALP activity was stained as a typical marker of osteoblastic differentiation (24). Enzyme activity was measured using pnitrophenylphosphate as a substrate (24).
Luciferase assays were performed using pGL3MG-185 (25) or IdWT4F-luc reporter plasmids and phRL-SV40 (Promega, Madison, appearance and then subjected to histological analysis. The activity of each Smad1 was expressed by a dorso-anterior index (DAI) (26, 27).
Reverse transcription-PCR analysis
Total RNAs were extracted using TRIzol (Invitrogen) and reverse-transcribed with SuperScript III (Invitrogen). The PCR reaction was performed using Platinum Pfx DNA polymerase (Invitrogen) as described (28). The primer sets used were previously described (29).
Chromatin immunoprecipitation assay
Cells were lysed in ChIP buffer [1% SDS, 10 mM EDTA, 50 mM Tris-HCl (pH 8. 
Statistical analysis
Comparisons were made using an unpaired Student t-test. Results are the represented mean ±S.D. Statistical significance is displayed as *p < 0.05; **p < 0.01; ***p < 0.001. 
RESULTS

Induction of the
Construction of constitutively activated
Smad1
We generated a series of Smad1 mutants, in which one or two serine residues at the carboxyl termini were substituted with aspartic acid or alanine residues ( Fig. 2A ). Among these Smad1 mutants, Smad1(DVD) exhibited transcriptional activity in a luciferase assay using the ID1
reporter without the addition of BMPs, and this activity was further enhanced by co-transfection with Smad4 (Fig. 2B) Runx2 further increased ALP activity (Fig. 5A ).
In contrast, a dominant-negative form of Runx2 blocked ALP induction by Smad1(DVD) ( 
Smad4 is involved in inhibition of myogenic differentiation by BMPs
We next examined the roles that the Smad 
